ABSTRACT
INTRODUCTION
Weaning of piglets is associated with abrupt dietary changes resulting in morphological and functional changes in their intestinal ecosystem. This is one of the reasons why weaners are particularly susceptible for developing 43 digestive diseases [33, 37] . Biological barriers in the digestive system provide basic primary protection to organisms against negative influences and here probiotics offer a prospective alternative to antibiotics. The effect of probiotics can be supported by prebiotics (potentiated probiotics, also referred to as synbiotics) [4] . These natural bioregulators participate in: the maintenance of the balance of intestinal microflora, prevent colonisation of pathogenic microorganisms [5] , optimise digestive processes [9] and, at the same time, stimulate the immune system [19] .
Flaxseed can be used as a prebiotic substrate of natural origin. Flaxseed hulls contain soluble viscous polysaccharides which serve as a specific substrate for probiotic bacteria [35] . Flaxseed is also a rich source of polyunsaturated fatty acids (PUFAs), the structural components of cell membranes. Changes in the composition of fatty acids (FAs) in cellular membranes and intestinal mucosa may affect the mechanisms and adherence sites of intestinal bacteria and, subsequently, cause changes in populations of the bacteria in the intestine [33] . Through such mechanisms, the dietary PUFAs may positively affect the health of weaners and support their rapid adjustment to the character of post-weaning diet [21] . The high content of essential ω-3 alpha-linolenic acid (ALA) in flaxseed may positively affect the serum levels of lipoproteins and triacylglycerols [31] and affect the animal products nutritionally by additional ω-3 PUFAs produced at biosynthesis in animal tissues [18] . [18, 40] . In pigs, there is a close correlation between the amount of FAs in the diet and their tissues and the FA profile may be then easier affected by the diet [40] . Under our conditions, flaxseed appears to be a very suitable option for increasing the content of ω-3 PUFAs in animal tissues and subsequently in animal products, particularly due to the high content of essential ALA in flaxseed, the precursor of EPA and DHA synthesis in animal bodies.
With regard to the ever increasing occurrence of "civilization diseases", development of resistance to antibiotics and increasing interest of the public in using ecological methods in food industry, agriculture and medicine in the field of prevention and treatment of diseases, researchers should focus their attention on suitable biologically active additives of natural origin that are beneficial to health and do not present risk to the food chain.
For the above reasons, the aim of our study was to in- 
MATERIALS AND METHODS

Animals and diets
This study was carried out on thirty-six 28-day old pig- . This cheese was used as a vehicle for probiotic strains. Each of two cheeses contained one strain at 1 × 10 9 CFU.g -1 of cheese (referred to as probiotic cheeses).
The probiotic bacteria were added to the cheese milk together with 2 % starter culture (Lactococcus lactis subsp.
lactis, Lactococcus lactis subsp. cremoris) during the typical
Cheddar cheese production.
The cheese used as the control was also Cheddar cheese, but without probiotic strains (referred to as control cheese).
Probiotic bacteria
The Lactobacillus probiotic strains were isolated in the 
Clinical observations and muscle sampling
During the experimental period, all piglets underwent clinical observations. The health data were recorded twice daily (at 08.00 a. m. and 03.00 p. m.), namely: body temperature, consistency of faeces and moisture of faeces.
Samples of faeces were assessed visually using a scale from 1 to 5 (1 -solid faeces; 2 -paste; 3 -sparse; 4 -hydrous;
5 -faeces with blood or mucus admixture). The moisture of faeces was determined by drying a sample of faeces at 80 °C to a constant weight.
Fig. 1. Schematic representation of experimental design
Note: Day 0 is the day of piglet weaning, days 7 and 14 are the days of supplementation of the rations after weaning. Supplementation to experimental animals started 10 days before weaning (at 18 days of the piglets' age) and lasted up to 14 days after weaning. The muscle samples were collected from the m. biceps femoris of piglets after feeding with or without synbiotic additives on these days.
Piglets from both groups were humanely euthanized by .head -1 on days 0 (day of weaning; n = 6), 7 (n = 6) and 14 (n = 6) post-weaning and skeletal muscle samples for the analysis of PUFAs were taken from the musculus biceps femoris (sample = 2 g; see Fig. 1 ). All samples were stored at -70 °C until analysis.
Gas chromatography
The extraction of fatty acids was performed by modification of the method of Folch [8] using dichloromethane instead of chloroform [6] according to T v r z i c k á et al.
[34]. A Clarity Chromatography Station data integration system was used to integrate the peak areas. The FA concentration (c) in pig serum was calculated as follows:
peak area of a given FA × c of internal standard (mg.ml 
Statistical analysis
The results were expressed as means ± standard error of the mean (SEM). Significant differences between the groups were determined using t-test, and the differences between days within groups by using Repeated Measures Anova (GraphPad Prism 5.0 for Windows, GraphPad Software, San Diego, CA, USA).
RESULTS
Health conditions
Fortification of feed with probiotic cheeses and flaxseed positively affected overall health state of weaned pigs from the problematic herd (body temperature, consistency and water content of excrements) and reduced the prevalence of post-weaning diarrhoea by 29.2 %. The faecal score of these weaners was significantly lower and their body weight higher already after 14 days of feed supplementation.
Intestinal metabolism
The synergistic effect of additives on caecal microbial activity of weaners was reflected in: a significant increase in lactic acid bacteria (LAB) and bifidobacteria, increased production of volatile fatty acids (VFA) (acetic, propionic and butyric acids) and concurrently decreased counts of coliform bacteria and haemolytic E. coli. Supplementation of additives to weaners positively affected the population of LAB in the jejunum and supported the production of lactic acid (unpublished data).
PUFAs metabolism
The levels of ω-3 PUFAs in the muscle of piglets are summarized in the Fig. 2 . High levels of ω-3 PUFA ALA in the diet significantly affected the level of this acid in muscles of experimental animals. In the group of animals fed rations fortified with lactobacilli and flaxseed an increase in ALA on days 7 and 14 post-weaning (both P < 0.001) was recorded in comparison with control pigs fed unfortified feed. Synthesis of EPA and DHA in the body of animals copied the levels of essential ALA. In the fortified group, we recorded a significant increase in the level of EPA on days 7 and 14 post-weaning (P < 0.001). In comparison with the control group, the animals fed supplemented rations exhibited significantly increased biosynthesis of EPA on days 7 (P < 0.01) and 14 (P < 0.001) post-weaning. Conversion of EPA to DHA in the fortified group showed a similar increasing tendency and DHA levels were significantly higher after 14 post-weaning days and also in comparison with the control animals (P < 0.001). Fortification of feed resulted in an increased synthesis of EPA (P < 0.001) and subsequently increased conversion of EPA to DHA (P < 0.001) compared to day 0 and the control group.
The levels of ω-6 linolenic acid (LA) were less affected by the diet (see Table) . In the fortified group they were significantly increased on day 14 compared to day 0 (P < 0.01) and also in comparison with the control (P < 0.001). At the same time, supplementation of the diet suppressed the conversion of LA to arachidonic acid (AA) on days 7 and 14 (P < 0.05) and in comparison with the control (P < 0.001).
The increased intake of ω-3 ALA in the experimental diet in the LFA group enhanced the activity of Δ-6-desaturase in favour of ω-3 EPA and DHA synthesis on days 7 and 14 in comparison to day 0 (P < 0.001) and on days 7 (P < 0.01) and 14 (P < 0.001) in comparison to the control.
The levels of ω-6 fatty acids in the m. biceps femoris of piglets after feeding supplemented (LFA) and non-supplemented (C) diet for 14 days after weaning are presented in Table1. sheep [36] . Similar to our study, increased proportions of ω-3 PUFAs were observed in skeletal muscles and adipose tissue, but also in the tissues of heart, liver and brain after increased intake of ALA by feed [13, 26, 32] . However, they recorded an increased levels of ALA, eventually also EPA and docosapentaenoic acid (DPA), but the content of DHA (the acid important for the organism) was comparable with the control. A significant increase in DHA after the application of fish oil and fish meal was observed by other authors [13, 17] . This increase in DHA was caused by a direct incorporation of DHA present in fish additives into tissues and not by the synthesis of DHA in the body which negatively affected organoleptic properties of products of animal origin. For this reason, H a a k et al. [13] presented an opinion that the synthesis of DHA in the body is most likely not affected by the intake of its precursor in the diet, but is regulated strictly metabolically where desaturation and elongation of ω-3 PUFA is blocked at the level of DPA synthesis.
On the other hand, in agreement with our results, P e r i n i et al. [26] applied flax diet to mice and observed the highest level of ALA in the liver and consequently a significantly increased conversion of ω-3 ALA to EPA and DHA with the highest levels on day 56 of application, accompanied by a significant decrease in the conversion of ω-6 LA to AA and almost a 3-fold decrease in the ω-6:ω-3 PUFA ratio.
Similarly K a š t e ľ et al. [15, 16] S h a p i r a et al. [28] in hens. Significantly higher concentrations of all ω-3 PUFAs, including DHA, and a subsequent decrease in ω-6:ω-3 PUFA ratio was recorded by K o u b a et al. [17] in rabbits and by E n s e r et al. [7] in sows and boars. Our results agree with those of these authors and confirm the claims of other authors [10, 12] . The increased absorption of essential ALA in the body stimulates more intensive conversion of ALA to EPA and DHA, which can be used in practice by the food industry already after shortterm (21-28 days) application of flaxseed [17] . The results obtained in one research paper proved that nutritional shortcomings during prenatal development of the foetus result in permanent changes in the physiology of progeny, including the metabolism of lipids and increased the risk of chronic diseases in adults [30] . Recent studies indicate that the relevant mechanisms are modulated also by DHA, the main ω-3 FA with potential impact on growth and development of children [20] , and by general changes in the content of ω-3 FAs in the nutrition of the mother which subsequently affects the metabolism of lipids in the foetus [1] . Supplementation of animal feed with flaxseed or flax oil is a suitable way of satisfying the requirements of consumers of animal products by nutritionally beneficial components. However, the absence of the effect of feed fortified with flaxseed on the level of DHA in pig tissues has not yet been fully explained. It could be caused by a low ability of the pig to synthesise DHA from EPA or by rapid utilization of DHA in the tissues of these animals. These assumptions should be subjected to further investigation. The ability to increase the level of DHA in pork would bring considerable nutritional benefits. The relevant research should focus on defining the optimum amount and period of ω-3 PUFAs supplementation, in order to decrease the risk of increased lipid oxidation and the related adverse effects on quality of animal products [18] .
